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This introduction pertains to several papers that were presented in a symposium entitled "Food-Based Approaches to Improving Multiple Micronutrient Deficiencies and Protein Quality, " held at the International Union of Nutritional Sciences International Congress of Nutrition in Granada, Spain, in September 2013. This Supplement contains two sets of papers. One set of papers describes findings from completed studies. Also included are several studies in progress that are innovative and address important issues dealing with multiple micronutrient deficiencies and protein quality. These papers provide strategies for improving diet quality through food-based approaches undertaken in various countries.
Food-based approaches are often superior to special nutrient supplements in addressing micronutrient inadequacies, for several reasons. For example, supplements of necessity contain only one micronutrient or a small number of micronutrients, whereas foods can supply a broad spectrum of micro-and macronutrients. In addition, supplements usually do not address energy and protein needs. Furthermore, supplements may have limited and inconsistent coverage of the targeted population. Foods offer macronutrients as well as other bioactive compounds that can contribute not only to nutrient adequacy, but also to a reduced risk of chronic diseases. Utilizing foods as sources of nutrients may also be more sustainable than depending on nutrients from supplements, and unlike high-dose supplements, there is little risk of consuming excessive levels of nutrients from foods alone [1] .
For children, dietary approaches must consider nutrient density. Young children have a smaller gastric volume than adults, so it is important to ensure that their diets provide adequate nutrients within the amount of food that they can consume [2, 3] . Animal-source foods have a high nutrient density and should be considered as an important component of children's diets [2] [3] [4] [5] . Fish, fowl, animals (such as rabbits), insects, mollusks, annelids (worms), etc., are often eaten and should be encouraged [6] . Additional outreach education through programs such as those administered by agricultural extension and home economists, and promotion of improved storage techniques for animal-source foods, are needed.
The Child Nutrition Program as an example of a food-based approach
The Child Nutrition Program (CNP) was a randomized feeding study for school-age children conducted from 1998 to 2001 in Embu District, Kenya [7] . The goal was to test the effect of school-based snacks on a variety of health and developmental outcomes, including school performance, growth, nutritional status, and physical activity. The study was a randomized, controlled feeding trial that enrolled approximately 550 children from 12 rural schools and lasted for 2.25 years. The children were 7 to 9 years of age. All protocols were approved by the Human Subjects Protection Committees at the University of California, Los Angeles and the University of Nairobi School of Medicine. Funding was from the Global Livestock Collaborative Research Support Program of the US Agency for International Development.
Three snacks, each supplying 250 kcal, were designed to address micronutrient deficiencies previously identified during an extensive survey in the same region of Kenya from 1983 to 1986 [8, 9] . Six nutrients of particular concern were iron, zinc, vitamin B 12 , calcium, riboflavin, and vitamin A [10, 11] . Because the absorption of iron and zinc can vary widely depending on the phytate and fiber contents of a meal, available iron and zinc were calculated with an algorithm that adjusts for dietary components such as phytate and fiber [11] .
The schools were randomized to one of four conditions (three schools for each condition): a snack containing meat, a snack containing milk, a vegetarian Introduction S172 S. P. Murphy and C. G. Neumann snack, and a control group with no snack [12] . Figures  1 and 2 show the nutrients of concern that were supplied by each of the snacks, as a percentage of a schoolchild's recommended intake [13] . The meat snack was particularly high in vitamin B 12 , zinc, and iron, while the milk snack supplied vitamin B 12 , riboflavin, vitamin A, and calcium. The contents of all six nutrients were considerably lower in the energy (vegetarian) snack, although an unexpectedly high vitamin A level was supplied by the fortified fat that was used in this snack. Averaged across all six nutrients, the milk snack supplied 48% of the recommendations, the meat snack supplied 44%, while the energy (vegetarian) snack supplied only 17.5%. A snack containing both milk and meat would have supplied an even higher percentage of these nutrients of concern.
The results of the CNP study have been published [14] and can be summarized as follows: » The meat snack resulted in the largest improvement in cognitive and school performance, physical activity, and initiative, as well as a modest reduction in morbidity [15] [16] [17] [18] . » The milk snack improved height among those who were most stunted [19, 20] . » The meat snack resulted in the greatest significant increase in lean body mass [21] . » Both the milk and the meat snacks improved vitamin B 12 status; in addition, the meat snack improved available iron and zinc [22, 23] . » Dietary quality improved most with the milk and meat snacks [7, 12, 24] . Food-based dietary guidelines are especially needed for young child and school feeding and for rural subsistence populations. The results of studies such as the CNP and others that are described in this Supplement could lead to dietary guidelines for a region or a country. Dietary guidelines can form the foundation of nutrition policies that promote nutritionally adequate diets. An important tool that is often used to interpret dietary guidelines is a consumer-friendly food guide, such as MyPlate in the United States [25] . Such a tool could be adapted to the local conditions of a given population. Food guides should provide practical advice on how to choose a nutritionally adequate diet. Many countries have food guides that are tailored to local food preferences and food availability. Because animalsource foods are good sources of nutrients of concern, food guides that have been developed to ensure nutrient adequacy almost always include foods from the meat and dairy groups, as well as fruits, vegetables, and starchy staples. For example, the 2012 Food Guide for South Africa [26] suggests that fish, chicken, lean meat, or eggs could be eaten daily, and to have milk, maas (a fermented milk product), or yogurt every day. Food guides can be useful tools for national nutrition policies and as the basis of education programs. The ultimate goal of dietary guidelines and food guides is to promote nutritionally adequate diets in a country. Collaborative Research Program, which supported relevant studies including randomized trials of animalsource foods, community interventions in Africa, and the initial phases of the HIV biscuit intervention study 
